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THE SEPARATION OF CLAY MINERALS BY
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Jevrns I. Dnnven,l Department oJ Geologi.caland Geophys'icalSciences,
Princeton []niaersity, Princeton, Neta Jersey 08540.
Aesrnacr
A Beckman Continuous Particle Electrophoresis System is capable of separating mixtures of kaolinite and montmorillonite into five or more fractions by one pass through the
instrument. The lowest and highest mobility fractions obtained from a 50: 50 artificial mixture of these clays contain, respectively, 85 percent montmorillonite/1S percent kaolinite,
and 5 percent montmorillonite/9S percent kaolinite. The intermediate fractions contain
varying proportions of the two minerals. Mixtures of clays in Recent sediments can also be
separated, but not as effectively as artificial mixtures. The most complete separation was
obtained in a 4X10-aM NarCOr bufier containing 5 percent ethylene glycol at pH 10.

Electrophoresishas been suggestedas a method of separating clay
minerals by Sill6n2and by Beavers and Marshall (1951). It is only recently, however,that suitableequipmenthas becomeavailable(Strickler
et ol., 1966, Strickler, 1967). The purpose of this study was to find a
rapid method for separating clay minerals with a minimum change in
chemical and physical properties.
The instrument used was a Beckman Continuous Particle Electrophoresis System. The principle is shown in Figure 1. Cell A contains a
free-flowing column of buffer solution approximately 2 mm in thickness,
acrosswhich a DC potential of up to 100 V/cm is maintained. At the
base of the cell the buffer solution exits through a row of tubes, whose
outflows are collected separately. The sample suspensionis introduced
into the top of the cell as a fine stream, and the particles migrate laterally
in the electric field as they are carried down by the flowing buffer solution. If two particles have different electrophoretic mobilities they will
follow different paths through the cell (1 and 2 in Fig. 1), and will exit by
different tubes. The factors which determine the electrophoreticmobilitv
of a particular clay in a particular buffer solution are not completely
understood. In general however, difierences in lattice charge will result
in differencesin electrophoretic mobilitv, and, for the size range normally
encounteredin the clay fraction of sediments,electrophoreticmobility is
i n d e p e n d e not f p a r t i c l es i z e .
The buffer solution may be of any desired composition, but should be
in the concentrationrange 10-a to 10-3 molar. The clay sample is susr Present address: Geological Research Division, Scripps Institution of Oceanography,
La Jolla, California 92037
2 Unpublished notes (1966), Library of Scripps Institution of Oceanography, La Jolla,
California.
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Frc. 1. Principle of the electrophoresis cell.

pended in an identical buffer solution, and should be equilibrated
thoroughly with the buffer either by dialysis or by repeated washing. It
is essentialthat the clay dispersecompletely in the buffer solution, and
ultrasonic dispersionis required immediately prior to the electrophoretic
separation procedure.
The degree of separation which can be achieved by one pass through
the instrument using an artifi.cial mixture of kaolinite (A.P.L Standard
No. 9) and montmorillonite (A.P.I. Standard No. 30) is shown in Figure
2. Numbers 1-5 representfractions collectedfrom successiveexit tubes.
Fraction t has the lowest mobility. The peak at 7 h correspondsto
kaolinite, and the peak at 17 A to montmorillonite. It was found that
the mobilities of these minerals difiered by less than 10 percent in simple
buffers. A difference in mobility of at Ieast 10 to 20 percent is required
for complete separation. A search was made for buffer additives which
would be adsorbed to different extents by difierent minerals in order to
modify their relative mobilities. The substancesinvestigated were: (1)
Salts of polyvalent cations: barium acetate, lanthanum chloride. (2)
Organic moleculesand cations: ethylene glycol, cetyltrimethylammonium chloride,choline chloride. (3) Sodium polymetaphosphate.
The most effective of thesewas ethylene glycol. A separationperformed
in a sodium carbonate buffer containing 5 percent ethylene glycol is
shown in Figure 2b. The principal difficulty encountered with the selec-
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Frc. 2. Smoothed difiractometer traces showing the separation of a mixture
of kaolinite and montmorillonite.
a) without ethylene glycol
b) with 5% ethylene glycol
NazCOa,pH 9.0.
Buffer:4X10nM
Potential gradient: 100 V/cm, bufier flow: 24 ml/min.

tive adsorption approach was that coagulation generally occurred before
there was any significant reduction in electrophoretic mobility. This is
consistentwith previous observationson clay minerals (Marshall, 1964
pp.339-342). The differencein mobility between kaolinite and montmorillonite in the sodium carbonate/ethylene glycol buffer, from measurements on the single clays, is approximately 20 percent. The separation achievedusing a mixture of these clays is less than would be expected
from this difference, which suggeststhat some particle-particle interaction is reducing the effectivenessof the separation. A secondpass of the
fractions through the instrument producessome further separation'but
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I'rc. 3. Smoothed diffractometer traces showing the separation of a shallow-water
marine sediment, No. 5-210, (2pm. Buffer: 4X10-4M NazCOt/STa ethylene glycol, pH
10.0. Potential gradient: 100 V/cm, buffer flow: 24ml/min.

the improvement is generallydisappointing in terms of the Iabor involved.
Effectivenessof separation on two Recent marine sediments is shown
in Figures3 and 4. These particular sampleswere treated with hydrogen
peroxide prior to separation, a necessaryprocedure for samples containing more than approximately a half-percent organic matter. A sample of
clay from the Mid-Atlantic Ridge, which contained very little organic
matter, showed some separationwithout hydrogen peroxide treatment.
The sampleswhose separationsare indicated in Figures 3 and 4 contained
approximately 20 percent amorphous iron oxide and aluminosilicate
material, as determined by the methods of Mehra and Jackson (1960)
and Hashimoto & Jackson(1960).It was not possibleto obtain a separation on sediment from which the amorphous material had been dissolved,
possibly because the dissolution procedure results in the deposition of
traces of sulfur or iron sulfide on the clay surfaces.
Although pure samples of each mineral cannot be separated from a
natural mixture by the present technique, the separations which can be
attained may be useful for a number of purposes:
1. To reveal the presenceof a mineral which is not detectable by X-
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Frc. 4. Smoothed diffractometer traces showing the separation of a marine sediment.
No Bon390 (0-2cm), (2pm. Buffer: 4X10-aM Na:CO:/S% ethylene glvcol, pH 10'0,
Potential gradient: 100 V/cm, bufier flow: 24 ml/min.

ray diffraction of the bulk sample,such as the nonexpanding14 A muterial in Figure 3.
2. To assigna particular trace element to a particular mineral, using
chemicalanalysesof the separatedfractions.
3. To estimatethe chemicalcompositionof eachmineral, and to determine a weighting factor relating the X-ray peak area of each mineral to
its abundance.This proceduredependson chemical and X-ray analysis
of the separatedfractions. The extent to which it is successfuldepends
very much on the nature of the original clay sample.
The separationbased on electrophoreticmobility is somewhatsimilar
lo the resultswhich would be expectedfrom a separationbasedon grain
size.This limits the extent to which the two methods can be usedin conjunction. It is very probable that the technique will be improved by
further developmentof the selectiveadsorptiontechnique,and by introduction of instruments with greater stability and higher preparative
resolution.
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